Abstract: Low back pain remains a major health problem with huge societal cost. Biomedical models fail to explain the disability seen in response to reported back pain and therefore patients' beliefs, cognitions and related behaviours have become a focus for both research and practice. This study used the Pain Beliefs Questionnaire and had two aims: To examine the extent to which pain beliefs are related to disability, anxiety and depression; and to assess whether those relationships are mediated by pain self-efficacy and locus of control. In a sample of 341 chronic low back pain patients, organic and psychological pain beliefs were related to disability, anxiety and depression. However, organic pain beliefs were more strongly related to disability and depression than psychological pain beliefs. Regression analyses revealed that these relationships were in part independent of pain self-efficacy and locus of control. Further, mediation analyses revealed indirect pathways involving self-efficacy and, to a lesser extent chance locus of control, between organic pain beliefs, on the one hand, and disability, anxiety and depression, on the other. In contrast, psychological pain beliefs were only directly related to disability, anxiety and depression. Although longitudinal data are needed to corroborate our findings, this study illustrates the importance of beliefs about the nature of pain and beliefs in one's ability to cope with pain in determining both physical and mental health outcomes in chronic low back pain patients.
Introduction
Despite considerable attention, low back pain remains one of medicine's most enigmatic problems, particularly in its chronic form. The majority of people will experience back pain at some point in their lives [1] , but only a minority will receive a definitive diagnosis [2, 3] . Most low back pain is largely non-specific in nature, but nevertheless has a societal cost greater than that for cancer, coronary artery disease and AIDS combined [4] . A systematic review by Dagenais, Caro and Haldeman [5] showed inconsistencies in the calculation of costs but found all studies to indicate back pain to be a substantial burden on society. In terms of healthcare costs, a recent study from the UK indicates that costs associated with chronic low back pain sufferers were twice that of matched controls [6] . The situation has been described in terms of an "epidemic" [7] and as a "20th Century medical disaster" [8] and is still perhaps one of the greatest examples of the failure of biomedical approaches. Biopsychosocial perspectives now dominate the literature, with psychosocial factors recognized as being fundamental in both assessment [9, 10] and treatment/management [11, 12] . Key to understanding the psychosocial influence is the consideration of individuals' beliefs, cognitions and behaviours.
Materials and Methods

Sample
The sample comprised 341 individuals who had been referred to the Nottingham Back Team programme located in Nottinghamshire, England. It is multi-disciplinary back pain management programme for individuals with chronic low back pain, delivered using 7 half day sessions on consecutive weeks. It is undertaken in community settings, i.e., utilising facilities at leisure centres as an alternative to requiring participants to visit a hospital site. The programme takes a cognitive behavioural approach and patients were informed that each session would incorporate, education, exercise, relaxation and discussions with a key worker (including goal setting). The sessions are delivered by a combination of physiotherapists, occupational therapists and nurses, with additional input from a clinical psychologist. The authors are independent of the programme and have no clinical role within it. Participants completed the standard battery of tests used within the programme together with the Pain Beliefs Questionnaire. Every patient that attended for assessment during the research period consented for their data to be used in the research, but not all responses were complete (n = 290). All data was gathered at assessment, before commencement of the programme.
Measures
The PBQ consists of 12 items representing two scales, which the authors described as "organic" (8 items) and "psychological" (4 items) [37] . One advantage of this questionnaire is that it is designed such that it is not necessary for the completer to be in pain or suffering from a specific condition (i.e., it is condition independent). The PBQ has previously been used successfully in research investigating chronic back pain [37] [38] [39] [40] and with a UK general population [38] . On this occasion, the original 6 point ("always" to "never") scale response was modified to a 5 point scale fit better with other questionnaires it was being used with, as part of the broader research [38] . The five items were "All of the time", "Most of the time", "Some of the time", "A little of the time", "None of the time". In their study with patients experiencing chronic low back pain, Walsh and Radcliffe also describe using a 5-point scale [37] . The PBQ organic and psychological sub-scales are scored using the sum of the items for each scale respectively.
The Roland-Morris Disability Questionnaire (RDQ) [41] is one of the most widely used measures of back pain related disability and was originally derived from the Sickness Impact Profile (SIP). Twenty-four items that related to physical functions potentially affected by back pain were selected from the SIP. Each item was then qualified with the phrase "because of my back pain" to differentiate back pain disability from disability due to other causes [42] . Patients are asked to indicate which of the series of statements applies to them on the day of completing the questionnaire. The RDQ provides a single score which is calculated by summing the number of items selected. The items are not weighted in any way. The scores therefore range from 0 (no disability) to 24 (maximum disability). The RDQ is short, easy to understand and simple to complete [42] .
The Pain Self-efficacy Questionnaire [43] is a ten item questionnaire, with each item assessed on a scale from 0 to 6 where 0 indicates no confidence and 6 indicates complete confidence. The 10 items are designed to cover a range of factors relating to activities of daily living. The items are not weighted and the questionnaire provides a single scale. The scores therefore range from 0, indicating no confidence in carrying out activities of daily living, to 60, indicating complete confidence in carrying out normal activities of daily living.
The Hospital Anxiety and Depression Scale (HADS) [44] is a 14 item screening tool comprising two seven item scales-anxiety and depression. To ensure a focus on anxiety and depression, symptoms which could also be associated with somatic disorders were excluded as were those indicative of more complex/serious psychiatric conditions. It is a widely used instrument in both clinical practice and research. A review by Bjellanda et al. [45] identified over seven hundred papers reporting use of HADS. It has been found to have good psychometric properties and performed well in assessing the general severity and 'caseness' of both anxiety disorders and depression. It has been widely used in trials relating to back pain including the large STarT Back trial [46] .
The Multi-Dimensional Health Locus of Control Questionnaire [47] is an 18 item questionnaire comprising 3 scales-internal, chance and powerful others. The measure has been used for several decades and the scales are considered reliable and valid [48] . It is a general measure; not specific to particular symptoms or conditions. The measure has been used in back pain research in the past [49] and it was used during the development of the Pain Beliefs Questionnaire [39] .
Analytic Strategy and Scoring
Initial analyses focused on examining differences in age and gender between those who completed the questionnaires and those that did not. Gender data was not available from one completer and one non-completer of all questionnaires. Then attention focused on correlations between beliefs, self-efficacy, locus of control, and depression, anxiety and disability. Next, regression analysis was used to examine the independent contributions that beliefs, self-efficacy, and locus of control variables make to the prediction of depression, anxiety and disability. Finally, a bootstrapped mediation model tested the conceptual model outlined in Figure 1 . For each belief-mental or physical outcome relationship hypotheses were tested simultaneously using the "Process" macro for SPSS [50] , with 5,000 bootstrapping re-samples and bias-corrected 95% confidence intervals (CIs) for each indirect effect. In bootstrapping analyses, bias corrected CIs that do not contain 0 signify a significant indirect effect [51, 52] . Direct effects estimate how much two cases differing on the independent variable (organic or psychological belief) also differ on the dependent variable (disability, anxiety, or depression) independent of the effect of the mediator variables (self-efficacy and locus of control variables) on the dependent variable. Total effects are the sum of the indirect and direct effects of the independent variables on the dependent variable [50] . Alternate models were tested and these are presented in the Appendix. Analysis was conducted using IBM SPSS 22 for Windows with an alpha = 0.05. No participants were excluded from the analysis.
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Ethics
Ethical approval for the study was provided through the Nottingham Back Team via National Health Service processes. Participants received both written and verbal explanation during their assessment before informed consent was sought for their data to be used for the purposes of this research.
Results
Gender and Age Differences
Individuals who completed all questionnaires were significantly older (mean ± S.D. = 45.35 ± 13.14 vs. 48.02 ± 13.61 years) and more likely to be men (43.8% vs. 31.8%) than those who did not, p < 0.05.
Demographics
Examination of the mean and standard deviations suggested that participants were similar to previous low back pain samples [46] ; see Table 1 .
Bivariate Correlations
There were no gender differences in any predictor or outcome measures, p > 0.1. Age was negatively related to anxiety, r = −0.15, p < 0.01, and internal locus of control, r = −0.13, p < 0.05. Accordingly, age was entered in subsequent regression analyses. Pearson's correlations revealed that disability, anxiety and depression were strongly inter-related but as the proportion of shared variance was less than 50% regression models with each as an outcome variable were calculated. Disability was strongly related to organic pain beliefs and self-efficacy, and more weakly, but significantly, related to psychological pain beliefs and locus of control measures. Anxiety was related to organic and psychological pain beliefs and self-efficacy, and more weakly, but significantly, related to internal and other locus of control measures; it was unrelated to chance locus of control. Depression was strongly related to organic pain beliefs and self-efficacy and more weakly related to psychological pain beliefs and locus of control measures. Fisher transformations revealed that organic pain beliefs were more strongly related to disability and depression than psychological pain beliefs (p < 0.05); correlations between organic and psychological pain beliefs and anxiety were not different. Organic pain beliefs were strongly related to self-efficacy and more weakly related to locus of control measures. Psychological pain beliefs were related to internal locus of control, but were not related to self-efficacy or chance and other locus of control (see Table 1 ). 
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Demographics
Examination of the mean and standard deviations suggested that participants were similar to previous low back pain samples [46] ; see Table 1 . LOC: locus of control; * p < 0.05; ** p < 0.01; *** p < 0.001; --There is perfect correlation between the same variable/s.
Bivariate Correlations
There were no gender differences in any predictor or outcome measures, p > 0.1. Age was negatively related to anxiety, r = −0.15, p < 0.01, and internal locus of control, r = −0.13, p < 0.05. Accordingly, age was entered in subsequent regression analyses. Pearson's correlations revealed that disability, anxiety and depression were strongly inter-related but as the proportion of shared variance was less than 50% regression models with each as an outcome variable were calculated. Disability was strongly related to organic pain beliefs and self-efficacy, and more weakly, but significantly, related to psychological pain beliefs and locus of control measures. Anxiety was related to organic and psychological pain beliefs and self-efficacy, and more weakly, but significantly, related to internal and other locus of control measures; it was unrelated to chance locus of control. Depression was strongly related to organic pain beliefs and self-efficacy and more weakly related to psychological pain beliefs and locus of control measures. Fisher transformations revealed that organic pain beliefs were more strongly related to disability and depression than psychological pain beliefs (p < 0.05); correlations between organic and psychological pain beliefs and anxiety were not different. Organic pain beliefs were strongly related to self-efficacy and more weakly related to locus of control measures. Psychological pain beliefs were related to internal locus of control, but were not related to self-efficacy or chance and other locus of control (see Table 1 ).
Regression Analyses: Disability
After testing for multi-collinearity (all VIF < 2; all tolerances > 0.5), analysis revealed that the regression model was significant (F(7, 333) = 56.82, p < 0.001), with 54% of the variance in the outcome being explained by the predictors (R 2 = 0.544, adjusted R 2 = 0.535). There were significant positive relationships between organic pain beliefs and disability and between psychological pain beliefs and disability, and a significant negative relationship between pain self-efficacy and disability; there were no other significant relationships (see Table 2 ). Results of the mediation analyses indicated that there was a significant indirect effect of organic pain beliefs on disability through self-efficacy, b = −0.23, p < 0.01, BCa CI (−0.27, −0.19), which explained 36% of the total effect. In contrast, there were no significant indirect effects of organic pain beliefs on disability through LOC measures. The direct effect of organic pain beliefs on disability was also significant, b = 0.25, t = 4.79, p < 0.0001. In contrast, there was no significant indirect effect of organic pain beliefs on disability through LOC measures. For psychological pain beliefs on disability, there were no significant indirect effects through self-efficacy or LOC measures. The direct effect of psychological pain beliefs on disability was significant, b = 0.26, t = 4.35, p < 0.0001. Analyses with belief and locus of control measures as mediators of the self-efficacy-disability relationship were also examined. These suggest that the model is less parsimonious than the one proposed; these are presented in the Appendix.
Regression Analyses: Anxiety
The regression model was significant (F(7, 333) = 25.39, p < 0.001), with 35% of the variance in the outcome being explained by the predictors (R 2 = 0.348, adjusted R 2 = 0.334). There were significant positive relationships between psychological pain beliefs and anxiety and between chance locus of control and anxiety, and significant negative relationships between age and anxiety and pain self-efficacy and anxiety; there were no other significant relationships (see Table 2 ).
Results of the mediation analyses indicated that there was a significant indirect effect of organic pain beliefs on anxiety through self-efficacy, b = −0.11, p < 0.0001, BCa CI (−0.15, −0.07), which explained 18% of the total effect, and through chance locus of control, b = 0.19, p < 0.0001, BCa CI (0.11, 0.27), which explained 5% of the total effect. There were no significant indirect effects of organic pain beliefs on anxiety through other LOC measures and there was no direct effect of organic pain beliefs on anxiety, b = 0.05, t = 1.06, p = 0.29. For psychological pain beliefs on anxiety, there were no significant indirect effects through self-efficacy or LOC measures. The direct effect of psychological pain beliefs on anxiety was significant, b = 0.26, t = 4.70, p < 0.0001.
Regression Analyses: Depression
The regression model was significant (F(7, 333) = 52.23, p < 0.001), with 52% of the variance in the outcome being explained by the predictors (R 2 = 0.523, adjusted R 2 = 0.513). There were significant positive relationships between organic pain beliefs and depression, psychological pain beliefs and depression, and between chance locus of control and depression, and a significant negative relationship between pain self-efficacy and depression; there were no other significant relationships (see Table 2 ).
Results of the mediation analyses indicated that there was a significant indirect effect of organic pain beliefs on depression through self-efficacy, b = −0.17, p < 0.0001, BCa CI (−0.19, −0.14), which explained 27% of the total effect, and through chance locus of control, b = 0.08, p < 0.005, BCa CI (−0.02, 0.13), which explained 2% of the total effect. There were no significant indirect effects of organic pain beliefs on depression through other LOC measures. There was a direct effect of organic pain beliefs on depression, b = 0.07, t = 2.20, p = 0.03. For psychological pain beliefs on depression, there were no significant indirect effects through self-efficacy or LOC measures. The direct effect of psychological pain beliefs on depression was significant, b = 0.10, t = 2.42, p = 0.01.
Discussion
This study had two aims: To examine the extent to which pain beliefs are related to disability, anxiety and depression; and to assess whether those relationships are mediated by pain self-efficacy and locus of control. In a sample of 341 low back pain patients, organic and psychological pain beliefs were related to disability, anxiety and depression. However, organic pain beliefs were more strongly related to disability and depression than psychological pain beliefs. Regression analyses revealed that these relationships were in part independent of pain self-efficacy and locus of control. Further, mediation analyses revealed indirect pathways involving self-efficacy and, to a lesser extent chance locus of control, between organic pain beliefs, on the one hand, and disability, anxiety and depression, on the other. In contrast, psychological pain beliefs were only directly related to disability, anxiety and depression.
The gender split of the 341 participants included in the study was comparable with other studies of chronic low back pain [46, 53] . Consideration of the descriptive statistics for the commonly taken measures-RMDQ, PSEQ and HADS-shows a pattern fairly typical of chronic low back pain patients. A mean disability of 9.6 is similar to that found by Hill et al. within the STarT Back trial [46] (9.8), though slightly higher than in the large study by Foster et al. [53] (8.6). The PSEQ mean of 34.1 was similar to that found by Foster et al. [53] (37.8) . This is higher than reported by Nicholas [54] (25.8), but lower than reported by Costa et al. [55] (44.4) in chronic low back pain patients, so it appears to be in the range reported for chronic low back pain patients. A mean anxiety score of 8.2 was again similar to that reported by Foster et al. [53] (8.3) albeit slightly higher than that reported by Hill et al. [46] (7.5). Depression scores were lower than anxiety scores as is consistent within the literature and the mean of 6.0 is in line with that reported by Foster et al. [53] (6.5) and Hill et al. [46] (5.9). Overall, therefore this could be said to be an 'unremarkable' sample of chronic low back pain patients.
Organic pain beliefs deal with both the perceived cause of an individual's pain ("hurt = harm") and its management (issues of control and exercise/activity). As such, they could be considered a measure of 'biomedical thinking' [38] . These organic beliefs are associated with the outcome measures of disability, anxiety and depression. Higher organic pain beliefs are associated with higher levels of disability, depression and anxiety. On its own it could interpreted to be a good predictor of these outcomes, but mediation analyses show that much of the effect (all in the case of anxiety) is indirect through self-efficacy and to a lesser extent chance locus of control. The cross-sectional nature of the data is such that different mediation models could be described, but the defined model is in keeping with the literature on pain self-efficacy [26] [27] [28] and was the most parsimonious one (see Appendix).
Psychological pain beliefs are concerned with the impact of anxiety, depression, attention to pain and the issue of relaxation. These beliefs are also associated with the outcome measures, but the strength of the belief was much lower than for the organic beliefs. Higher levels of psychological pain beliefs are associated with higher levels of disability, depression and anxiety, but the relationship is relatively weak. Moreover, the mediation analyses showed that none of the effects were indirect through self-efficacy or locus of control measures. Thus, psychological pain beliefs are directly related to disability, depression and anxiety. Moreover, they appear to relate to markedly different constructs than other commonly used belief measures, such as fear avoidance beliefs, which like organic beliefs are mediated by self-efficacy [28] . Baird and Haslam [38] found that psychological beliefs differentiated between chronic low back pain patients and a non-clinical sample, but unlike with organic beliefs, there was no difference within the non-clinical sample between those who experienced frequent pain and those who did not. It was suggested that this may indicate that psychological pain beliefs are uniquely influenced by chronicity and not simply the presence of pain.
The PBQ has been used successfully with chronic low back pain samples [37, 38, 40] and this study supports the value of the measure. The scales illustrate both direct and mediated effects on key physical and mental health outcome measures. The measure has utility in both research and practice as it taps into clinically relevant beliefs that are amenable to change and are the focus of many rehabilitation programmes. Indeed, efforts to reduce the strength of these beliefs about the origins, nature and treatment of pain, particularly the 'biomedical' beliefs, should yield positive results in chronic low back pain rehabilitation [37, 40] .
This study supports the view that self-efficacy is an important predictor of disability [24, 25, 53] . It has a strong relationship with disability in bivariate analysis and its importance as an independent predictor of disability is confirmed in the regression models. Self-efficacy also has a strong association with mental health outcome measures, particularly depression. Further, the findings support previous studies indicating a role for self-efficacy as mediator between beliefs and outcomes [26] [27] [28] . Although Schiphorst Preuper et al. [56] questioned the impact of psychological variables, including self-efficacy, in a study in which psychological variables explained only 19% of the variance in self-reported disability, it was noticeable that the research used a general measure of self-efficacy and not a pain-specific measure as used in the current study and in previous studies mentioned above [24, 28, 53] . Pain self-efficacy may represent one of the most influential and most valuable psychological constructs in chronic low back pain [53] and it may be wise to measure this construct in both practice and research. These beliefs may be the target of clinical intervention via cognitive-behavioural, exercise-based programmes using both education and graded exposure.
The Multidimensional Health Locus of Control (MHLC) measure is a generic measure rather than a pain-specific questionnaire like the other scales used within the study. As such it may lack a degree of sensitivity with this patient population. The MHLC was used in the development of the Pain Beliefs Questionnaire [39] but it is noticeable that the correlations found in this study are weaker than those found by Edwards et al. [39] . The PBQ developers found no relationship between internal locus of control and organic pain beliefs, but this study indicated a negative relationship, albeit a relatively weak one. The regression analyses in this study illustrate that internal and powerful other locus of control are not predictors of any of the outcomes. Chance locus of control does however predict anxiety and, to a lesser extent, depression. Mediation analyses showed that there was some effect of organic pain beliefs on anxiety and depression which was indirect, through chance locus of control. Overall MHLC appears to have limited utility in relation to chronic low back pain.
This study utilises a suitably large sample whose characteristics indicate it to be a fairly typical chronic low back pain population. However, there were differences between questionnaire battery completers and non-completers. Failure to fully complete the questionnaire battery was perceived to be a consequence of time pressures during the assessment process. The difference in age (mean of 45 v 48 years) was not large however, given the nature of the sample. It was surprising that a higher proportion of men completed the battery than did not. Given the time pressure at initial assessment, men, who tend to be less conscientious than women [57] , may have attempted the battery more quickly and so completed it.
Finally, the study is cross-sectional so causal inferences cannot be made from this data. The mediation models tested do reflect the literature, but it must be recognized that alternative models could be produced which could also fit with the available data, for example beliefs may mediate the relationships observed between self-efficacy and outcomes however this was a less good fit. Alternatively, unmeasured variables such as pain catastrophizing, may play a role in these relationships. Future longitudinal studies using the Pain Beliefs Questionnaire could further assess the usefulness of the measure in predicting and explaining variations in disability, anxiety and depression following low back pain rehabilitation programmes. In addition, controlled trials would help provide causal information about the role of beliefs in pain rehabilitation.
Conclusions
Overall, this study illustrates the importance of beliefs about the nature of pain and beliefs in one's ability to cope with pain in determining both physical and mental health outcomes amongst chronic low back pain patients. The pain beliefs questionnaire is a simple measure that is independent of condition or the presence of pain, but nevertheless provides two scales that are useful in predicting disability and mental health outcomes. Pain self-efficacy is an excellent predictor of physical and mental pain-related outcomes and can act indirectly in the relationship between organic ('biomedical') beliefs about pain and disability, anxiety and depression. the total effect. The direct effect of self-efficacy on anxiety was also significant, b = −0.11, t = −6.50, p < 0.0001.
Depression: Again, to test the possibility that a third unmeasured variable may account for these relationships, further mediation analysis was conducted, with belief and LOC measures as mediators of the self-efficacy-depression relationship. There was a significant indirect effect of self-efficacy on depression through chance LOC, b = −0.08, p < 0.005, BCa CI (−0.01, 0.00), which explained 1% of the total effect. The direct effect of self-efficacy on depression was also significant, b = −0.16, t = −13.11, p < 0.0001.
